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Formaldehyde has been shown to cause nasal squamous ceil carcinomas in the rat following 
2-year inhalation exposure. The incidence of this tumor in a historical data base of 16.794 rats 
was nil, indicating that it is a rare spontaneous tumor Five different mathematical extrapolation 
models were applied to the rat nasal tumor data to produce estimates at 10'* risk (the size of the 
historical data base) of between 3,232 and 0.003 ppm formaldehyde depending on the model 
and choice of maximum likelihood estimate or lower confidence limit values. Assuming that an 
ambient level of 0.07 ppm formaldehyde exists in a rat house, the multistage linear model did 
not predict correctly within the observed data. The EPA policy model (multistage third order) 
was not inconsistent with the observed data (P = 0.259). However, the unit risk, derived from 
this form of modeling, shows considerable inconsistency, at ambient levels of formaldehyde, 
when compared to observed incidences of nasal tumors in the general human population. It is 
proposed that the multistage models are inappropriate, and that caution should be exercised in 
the extrapolatio n of highly no nii near am mal tu mar data, © i n 9 Academic Pmo_ me. 


INTRODUCTION 

Formaldehyde is an important industrial chemical of major commercial use in a 
variety of industries and institutions. Products using formaldehyde-based polymers 
are constantly used in private homes. Formaldehyde is found throughout the envi¬ 
ronment as a by-product of the natural photooxidation of hydrocarbons. It occurs in 
cigarette smoke and naturally in foodstuffs. It is a vital endogenous chemical in all 
mammals, as part of the one-carbon pool for biosynthesis. Formaldehyde is ubiqui¬ 
tous and man is inevitably exposed to it, hence banning it would be both logically 
and economically quite unrealistic. The question is, is formaldehyde carcinogenic to 
man? and if so, what are the acceptable levels for exposure? To answer this, several 
estimates for human cancer risks have been made using animal data and various 
extrapolation methods (EPa. 1984, 1987). Mathematical extrapolation models are 
immediately relevant to the animal species in which the data were generated and only 
by implication are relevant to man. It is essentia! that the models provide reliable 
data for the most sensitive species or transspecies extrapolation may amplify the er¬ 
rors. This article questions the mathematical extrapolation models used with formal- 
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tablei 

Virtually Safe Doses <vsd> of Formaldehyde (ppm) in Rats for !Ct‘ Risk of Nasal Squamous 
Cell Carcinomas Using Five Different Extrapolation Models 





Mode! 


Probtt 

Logit 

WeibuJI 

Multistage 
(third order) 

Multistage 

(linear) 




VSD(ppm) 


Maximum likelihood estimate 

3.232 

2.240 

2.081 

0.767 

0.0036 

Lower confidence limit 

2.399 

t .365 

1.192 

0.087 

0.0030 


dehyde in the rat and highlights inconsistencies between model-derived predictions 
of cancer incidences and observed data. 

ANIMAL DATA BASE 

An increased incidence of nasal squamous cell carcinomas has been reported in 
rats following long-term inhalation exposure to formaldehyde (Kems ef al., 1983). 
This CUT study by Kems et al. { 1983) reported a 44% incidence of nasal cancer in 
the Fischer 344 rat exposed to 14.3 ppm formaldehyde, a 0.9% incidence at 5 .6 ppm, 
and a 0% incidence at 2 ppm and in the control group. Mouse data from the same 
study reported incidences of I, 0. and 0%, respectively, for the corresponding expo¬ 
sure values. The lesion associated with exposure to formaldehyde, the nasal squa¬ 
mous cell carcinoma, has not been observed in a historical data base of over 10,000 
Wistar-stram-denved rats (Tucker, 1988), or in a historical data base of over 2000 
control Sprague-Daw ley rats (Nelson, 1980), or in a study of 4794 Fischer 344 rats 
(Brown, 1985). Consequently, it is generally accepted that spontaneous nasal squa¬ 
mous cell carcinomas are very infrequent in rodents. 

QUANTITATIVE RISK ASSESSMENT 

Risk assessment can be applied to any potential adverse health effect. However, for 
practical purposes in today's regulatory environment, complex mathematical meth¬ 
ods of assessing risk are mostly limited to cancer. Formaldehyde has been judged by 
the EPa to be a probable human carcinogen based on the available animal studies, 
albeit there is only limited evidence from human epidemiological data. The data used 
by the EPA for human quantitative risk assessments on formaldehyde have been the 
incidence of nasal squamous cell carcinomas in the Fischer 344 rat, which, in the 
absence of any other information, has been judged to be the appropriate ammal 
model from which to extrapolate to man. Although there are several mathematical/ 
statistical models which are used to extrapolate response levels from high to low 
doses, the EPA uses (as a matter of policy) the upper bound of a linearized multistage 
extrapolation-to-zero model for its risk estimates. However, other equally valid 
models are available, and the results of estimation of dose by five different models at 
10"* risk level are summarized in Table I. (The risk level was chosen to be 10~* 
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because this is the size of the historical control data.) The maximum likelihood esti¬ 
mates and lower confidence limits Ippm) are also given in Table 1. The value of most 
interest is the calculated exposure at 10~ 4 risk derived from the lower confidence of 
the multistage third-order model. 0.087 ppm. It is this value (0.087 ppm) that would 
be used, with a surface area correction factor, to predict risk for man. It is. however, 
important to note that treatment of the same animal data by various models can 
result in risk values with a substantial difference (e.g., probit analysis provides a 1000- 
fold higher estimate than the multistage linear model). Such differences are due solely 
to the inherent differences between the mathematical models (Park and Snee. 1983). 

AMBIENT LEVELS OF FORMALDEHYDE 

The ambient outdoor atmospheric levels of formaldehyde in a nonindustrialized 
area have been reported as 0.04 ppm (Imbus, 1988), and 0.05 ppm (Gibson, 1987). 
For conventional home dwellers the level is slightly higher, 0.07 ppm (Imbus, 1988). 
presumably as a result of passive "off-gassing" from furniture, building materials, 
cigarette smoke, gas fires, etc. In laboratories where formaldehyde was not being used, 
levels of 0.03-0.05 ppm have been measured (Cook, 1988). Very few measurements 
of the levels of formaldehyde in the atmosphere of animal houses have been made, 
but there are reports oflevels in pig houses (Merkel el ai, 1969) and a laying-hen 
house of up to 0.88 ppm (Hiliiger el ai. 1971). While the literature is bereft of reports 
of formaldehyde levels in the ambient atmosphere of rat houses, it can only be as¬ 
sumed that since levels are normally present in buildings of approximately 0.07 ppm 
that such a level would also be present in a rat room. This value of course ignores the 
possibility of additional formaldehyde from disinfectants containing formaldehyde 
treated bedding, or even as a decay gas from excrement, any of which would increase 
the value (cf. the hen house values earlier). Therefore, for the purposes of this commu¬ 
nication it is conservatively assumed that the ambient atmospheric level of formalde¬ 
hyde that rats are exposed to under normal conditions, for lifetime, is 0.07 ppm (a 
conservative assumption of the levels recorded in animal houses). 

PREDICTED RISK VERSUS ACT UAL EXPOSURE 

The concentration of formaldehyde predicted by the multistage linear model 
(lower confidence limit) which would cause a lO'^risk of nasal tumors in rats is 0.003 
ppm (the observed rate is 0 in 16,794 at 0.07 ppm). This calculated dose concentra¬ 
tion (0.003 ppm) is approximately 20 times less than the value that is conservatively 
assumed to be present in the ambient atmosphere of a rat animal house. Therefore if 
this form of modeling were providing correct predictions of cancer risk one would 
expect 20 squamous cell carcinomas in a control group of 10,000 rats. However, as 
previously stated, this tumor has not been observed in a total of over 16,000 control 
rats. Therefore observed data are not consistent with the calculated doses from either 
the maximum likelihood estimate of the multistage linear model or the lower confi¬ 
dence limit {P = 1.6 X I0~ 17 ), assuming binomial distribution. Even if the estimate 
of atmospheric concentration of formaldehyde in rat houses were |Q times less than 
the assumed value (i.e., 0.007 ppm) the model remains inconsistent with observed 
data (two predicted, none observed), thereby implying that the animal dose response 
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data on formaldehyde are extremely nonlinear. The lower confidence limit of the 
multistage third-order model (EPA policy model and value) yields an expected rate 
of 1 rat nasal squamous cell carcinoma per 10,0(30 rats exposed to 0.087 ppm. The 
observed rate is 0 in 16,794 rats exposed to 0.07 ppm. The observed data are not 
statistically significantly different from those expetfed {P - 0.259). However, statisti¬ 
cal significance could be achieved if (t) the expected tumor incidence were 1.87 in¬ 
stead of t, (ii) the observed data base were 37,231 rats instead of 16.794, or (iii) if the 
background levels of formaldehyde in a rat room were 0.13 ppm instead of the as¬ 
sumed 0.07 ppm. 

The "bottom line” for the EPA policy model with regard to the observed data is 
that there is a one in four chance that the model is inconsistent, or as the EPA may 
prefer to view it, they have a 75% chance of havinggot it right. 


CONCLUSION 

It is EPA policy for quantitative risk assessment of formaldehyde to use the data 
on rat nasal squamous cell carcinomas and linearized multistage extrapolation mod¬ 
eling for calculating low dose cancer nsk, When this is taken a step further to predict 
across species to man, it happens that quite ludicrous estimates result. For example, 
the EPA's unit risk for man at 0.00082 ppm is 1.3 x 10' } (EPA, 1984). This means 
that exposure to the EPA's unit risk of formaldehyde would, in 1 year, be one-fourth 
the amount resulting from the metabolism of one cup of colTee and equivalent to the 
ingestion of three apples (Imbus, 1988). Squamous cell carcinomas are very rare in 
humans, the rate for Europe and the United States being 5 in a million populus for 
females, and 10 in a million populus for males (Acheson. 1987). Given that the EPA 
unit risk is 1.3 x ]0~ s at 0.00082 ppm (EPA, 1984), and that ambient atmospheres 
in homes are approximately 100 times greater than that value <0.07 ppm) (Imbus, 
1988). one could expect the background incidence of nasal tumors to be 500 in a 
million for females and 10,000 in a million for males. These rates would certainly 
have been detected in epidemiology studies, if such a formaldehyde-induced carcino¬ 
genic response occurred in man. 

The present considerations indicate that the linearized third order multistage 
model (EPA policy model) does not predict correctly the incidence of nasal tumors 
in man, and may not even predict the low dose effects accurately within the species 
in which the data were generated; certainly the strict linear model does not fit the 
data. Such deficiencies should encourage the development of more predictive risk 
assessment models. 
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